EP 2 644 892 B1

(19)

(12)

(45)

(21)

(22)

Europdisches
Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 2 644 892 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
10.05.2017 Bulletin 2017/19
Application number: 13161233.5

Date of filing: 27.03.2013

(51) IntCl.:
F04C 18/02 (2006.01) F04C 29/00 (2006.0)

(54)

Scroll compressor
Spiralverdichter

Compresseur a spirales

(84)

(30)

(43)

(73)

Designated Contracting States:
AL AT BE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 30.03.2012 JP 2012080299

Date of publication of application:
02.10.2013 Bulletin 2013/40

Proprietor: Kabushiki Kaisha Toyota Jidoshokki
Kariya-shi, Aichi 448-8671 (JP)

(72) Inventor: Murakami, Kazuo
Aichi 448-8671 (JP)

(74) Representative: TBK
Bavariaring 4-6
80336 Miinchen (DE)

(56) References cited:
EP-A1-1936 197 EP-A2-2085 617

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 644 892 B1 2

Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a scroll com-
pressor.
[0002] There is known a method of increasing operat-

ing efficiency of a scroll compressor by injection of me-
dium-pressure refrigerant into a compression chamber
formed between fixed and movable scrolls of the com-
pressor. Such injection is performed depending on the
operating condition of the compressor.

[0003] Japanese Unexamined PatentApplication Pub-
lication No. 11-107968 discloses a scroll compressor that
is provided with an injection pipe for injection of refriger-
antgas into the compression chamber. The injection pipe
is connected to a refrigerant gas supply passage con-
nected to a separator and provided with a three-way so-
lenoid valve. During high load operation such as heating
operation, the valve opens the injection passage, so that
the refrigeration cycle of the scroll compressor is oper-
ated at high efficiency with the help of the injection of
refrigerant. During low load operation such as cooling
operation, the valve closes the injection passage to
cause the refrigerant to be flown from the refrigerant gas
supply passage into the suction passage, so that the re-
frigeration cycle of the scroll compressor is operated at
high efficiency also during the low load operation.
[0004] Japanese Unexamined PatentApplication Pub-
lication No. 2008-303858 discloses another scroll com-
pressor in which a cylindrical chamber communicating
with an injection passage is provided. A piston s slidingly
movable in the cylindrical chamber to define a first space
and a second space therein. The first space is in com-
munication with a high pressure space, while the second
space is in communication with a low pressure space.
The piston is moved depending on the pressure differ-
ence between the first and second spaces, so that the
injection passage is connected to or disconnected from
the compression chamber, thereby allowing increased
operating efficiency of the scroll compressor.

[0005] The compressor disclosed in the publication
No. 11-107968 in which the three-way valve is provided
in the refrigerant gas supply passage outside the com-
pressor increases the entire size of the cycle. The com-
pressor also requires an electric signal line to operate
the valve and hence increases the entire size of the cycle
further, resulting in an increased cost. The compressor
disclosed in the publication No. 2008-303858 in which
the cylindrical chamber and its related piston for the in-
jection are incorporated in the fixed scroll, on the other
hand, allows compact configuration, but the operating
efficiency of the compressor during heating operation
tends to be reduced as compared to the case of cooling
operation if the compressor is used in both cooling and
heating. This is because the suction pressure and the
suction refrigerant density in the compressor are low due
to the low air temperature in an evaporator, which de-
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creases the flow rate of the refrigerant to be introduced
into the compressor. To prevent the reduction of the ef-
ficiency of the compressor, the injection should prefera-
bly be performed during heating operation to increase
the refrigerant flow rate. However, in the compressor dis-
closed in the publication No. 2008-303858 wherein the
pressure difference between the high pressure space
and the low pressure space is used to move the piston,
the injection may not necessarily be controlled appropri-
ately with the switching between the cooling and the heat-
ing operations of the compressor.The document
EP1936197 discloses a scroll compressor with vapor in-
jection system according to the preamble of claim 1. The
present invention is directed to providing a scroll com-
pressor having a selector device that allows the injection
to be controlled appropriately with the switching between
the cooling and the heating operations of the compressor.

SUMMARY OF THE INVENTION

[0006] In accordance with an aspect of the present in-
vention, a scroll compressor includes a housing having
therein a suction chamber and a discharge chamber, a
fixed scroll fixed in the housing, a movable scroll disposed
in the housing in engagement with the fixed scroll to form
therebetween a compression chamber into which low
pressure refrigerant is introduced from the suction cham-
ber and from which high pressure refrigerant is dis-
charged into the discharge chamber, the movable scroll
orbiting relative to the fixed scroll to vary the volume of
the compression chamber, and an injection passage
through which medium-pressure refrigerantis introduced
into the compression chamber. The scroll compressor
further includes a selector device connecting the com-
pression chamber to the injection passage or disconnect-
ing the compression chamber from the injection passage
with the change of the pressure or the temperature of the
refrigerant in the suction chamber.

[0007] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]
Fig. 1is a longitudinal sectional view of a scroll com-
pressor according to a first embodiment of the
present invention;
Fig. 2 is an enlarged fragmentary view of the com-
pressor of Fig. 1, showing a selector device and its

related components;

Fig. 3 is an enlarged view of the selector device of
Fig. 2;



3 EP 2 644 892 B1 4

Figs. 4A and 4B are schematic diagrams of a refrig-
erant circuit including the compressor of Fig. 1;

Fig. 5 is a view explaining the operation of the se-
lector device of Fig. 3;

Fig. 6 is a fragmentary sectional view of a second
embodiment of the scroll compressor according to
the presentinvention, showing a selector device and
its related components;

Fig. 7 is an enlarged view of the selector device of
Fig. 6;

Fig. 8 is a view explaining the operation of the se-
lector device of Fig. 7;

Fig. 9 is an enlarged view of a third embodiment of
the selector device of the compressor according to
the present invention;

Fig. 10 is a view explaining the operation of the se-
lector device of Fig. 9;

Fig. 11 is a fragmentary sectional view of a fourth
embodiment of the scroll compressor according to
the presentinvention, showing a selector device and
its related components;

Fig. 12 is an enlarged view of the selector device of
Fig. 11;

Fig. 13 is a view explaining the operation of the se-
lector device of Fig. 12;

Fig. 14 is an enlarged view of a fifth embodiment of
the selector device of the compressor according to
the present invention; and

Fig. 15 is a view explaining the operation of the se-
lector device of Fig. 14.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0009] The following will describe the embodiments of
the scroll compressor in accordance with the present in-
vention with reference to the accompanying drawings.
Referring to Fig. 1, the electric scroll compressor of the
first embodiment designated generally by 1 has a hous-
ing 10 formed of a cylindrical front housing 11 having an
opening at the rear end on the left side in Fig. 1 and a
rear housing 12 fastened by plural bolts 13 to the rear
end of the front housing 11 to close the opening with a
seal (not shown) interposed therebetween. The front
housing 11 has an inlet port 15 at a position adjacent to
the front end thereof for connection to an external refrig-
erantcircuit. The front housing 11 accommodates a drive
shaft 18 extending in longitudinal direction of the front
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housing 11, a stator 20 fixed to the inner surface of the
front housing 11, and a rotor 22 fixed on the drive shaft
18 inside the stator 20. The drive shaft 18 is rotatably
supported at one end thereof by a bearing 16 mounted
in the front housing 11 and at the other end thereof by a
bearing 25 mounted in the middle of a shaft support 24
that is provided in the front housing 11.

[0010] The front housing 11 accommodates a fixed
scroll 26 on the side of the shaft support 24 facing the
rear housing 12 and a movable scroll 28 between the
fixed scroll 26 and the shaft support 24. The movable
scroll 28 is disposed in engagement with the fixed scroll
26 to form therebetween plural compression chambers
30, 30A, 30B. To prevent the rotation of the movable
scroll 28 on its own axis, plural rings 32 (only one being
shown) are fixed on the side of the shaft support 24 facing
the rear housing 12, and plural pins 33 (only one being
shown) to be guided in the respective rings 32 are fixed
on the side of the movable scroll 28 facing the shaft sup-
port 24. The movable scroll 28 has in the center thereof
on the side facing the shaft support 24 a bearing 34 that
is connected to a bush 35 in which a cylindrical eccentric
pin 36 formed at the end of the drive shaft 18 is inserted.
Such configuration allows the movable scroll 28 to orbit
relative to the fixed scroll 26 thereby to vary the volume
of the compression chambers 30, 30A, 30B for compres-
sion of refrigerant gas.

[0011] In the front housing 11, a suction chamber 38
for admitting low-pressure refrigerant gas is formed in
the region forward of the shaft support 24. Refrigerant
gas in the suction chamber 38 is introduced into a com-
pression chamber 30 through a suction port 40 that is
formed in the inner surface of the front housing 11 at a
position adjacent to the fixed scroll 26 in communication
with the compression chamber 30. The fixed scroll 26
and the rear housing 12 cooperate to form therebetween
a discharge chamber 44 for admitting high-pressure re-
frigerant gas. The discharge chamber 44 is communica-
ble with the compression chamber 30A through a dis-
charge port 42 that is formed through the fixed scroll 26
at the center thereof. The fixed scroll 26 is provided with
areed valve 46 to close and open the discharge port 42.
The opening of the reed valve 46 is restricted by a retainer
48 disposed on the rear side of the reed valve 46. The
rearhousing 12 has an outlet port 50 formed therethrough
in communication with the discharge chamber 44. The
rear housing 12 is provided with an injection passage 52
of a round cross section that extends through the wall of
the rear housing 12 and the discharge chamber 44 and
to the fixed scroll 26. The injection passage 52 is con-
nected to the compression chamber 30B through a se-
lector device 60.

[0012] Referring to Fig. 2, the selector device 60 in-
cludes a suction pressure passage 62, a cylindrical
chamber 64, a spool valve 66 and an outside air chamber
68. The suction pressure passage 62 is in communication
at one end thereof with the suction port 40 and at the
other end thereof with the cylindrical chamber 64. That
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is, the cylindrical chamber 64 is in communication
through the suction pressure passage 62 with the suction
chamber 38. The injection passage 52 is connected to
the cylindrical chamber 64 at a position in the periphery
thereof. The cylindrical chamber 64 is in communication
with the outside air chamber 68. The outside air chamber
68 is disposed on the side of the cylindrical chamber 64
opposite from the suction pressure passage 62. The out-
side air chamber 68 has a communication port 68A (see
Fig. 3) that is in communication through a passage (not
shown) with the air outside the compressor 1, or the out-
side air. The cylindrical chamber 64 is in communication
through the outside air chamber 68 with the outside air.
The cylindrical chamber 64 is communicable with a con-
necting passage 52A which is formed in the fixed scroll
26 and has a round cross section with a diameter that is
substantially equal to the diameter of the injection pas-
sage 52. The connecting passage 52A is communicable
at one end thereof with the cylindrical chamber 64 and
at the other end thereof with the compression chamber
30B. The connecting passage 52A is disposed on the
side of the cylindrical chamber 64 opposite from the in-
jection passage 52. The connecting passage 52A and
the injection passage 52 are arranged linearly and coax-
ially.

[0013] The cylindrical chamber 64 accommodates the
cylindrical spool valve 66. The spool valve 66 is slidingly
movable in the cylindrical chamber 64. The suction pres-
sure passage 62 is in communication with the cylindrical
chamber 64 so that the pressure in the suction chamber
38 is applied to one end of the spool valve 66. The outside
air chamber 68 is in communication with the cylindrical
chamber 64 so that the outside air pressure in the outside
air chamber 68 is applied to the other end of the spool
valve 66. The spool valve 66 has a diameter thatis slightly
smaller than the diameter of the cylindrical chamber 64.
In the cylindrical chamber 64, the spool valve 66 can
block fluid flow from the suction port 40 or the suction
chamber 38, the outside air chamber 68, the injection
passage 52, and the connecting passage 52A or the com-
pression chamber 30B. The spool valve 66 has a com-
munication hole 66A extending therethrough perpendic-
ularly to the direction of the sliding movement of the spool
valve 66. The communication hole 66A has a diameter
that is substantially equal to the diameters of the injection
passage 52 and the connecting passage 52A. The com-
munication hole 66A connects between the injection pas-
sage 52 and the connecting passage 52A when the spool
valve 66 is positioned at the end of the cylindrical cham-
ber 64 adjacent to the suction pressure passage 62 (see
Fig. 5). The spool valve 66 has an annular groove 66B
formed in the periphery thereof adjacent to the outside
air chamber 68. The annular groove 66B receives an O
ring 67 that prevents the outside air in the outside air
chamber 68 from flowing through the cylindrical chamber
64 into the suction pressure passage 62 and also pre-
vents refrigerant gas in the suction pressure passage 62
from flowing through the cylindrical chamber 64 into the

10

15

20

25

30

35

40

45

50

55

outside air chamber 68. The cylindrical chamber 64 ac-
commodates a coil spring 69 or an urging member on
the side of the spool valve 66 facing the outside air cham-
ber 68. The coil spring 69 urges the spool valve 66 toward
one end of the cylindrical chamber 64, that is, toward the
suction pressure passage 62 so that the compression
chamber 30B is connected to the injection passage 52.
The cylindrical chamber 64 has two projections 64A at
positions that are radially outside the coil spring 69. The
projections 64A restrict the sliding movement of the spool
valve 66 toward the outside air chamber 68 in the cylin-
drical chamber 64.

[0014] Referring to Figs. 4A and 4B, the above-de-
scribed scroll compressor 1 forms part of the cooling and
heating circuit of a vehicular air conditioner through which
refrigerant circulates. The circuit further includes a four-
way valve 70 with four ports 82, 83, 87 and 88, a first
heat exchanger 71, an expansion valve 72, a receiver
73, a second heat exchanger 74, a blower 75, and an
expansion valve 76. The outlet port 50 (see Fig. 1) of the
scroll compressor 1 is connected through a tube 81 to
the first port 82 of the valve 70. The second port 83 of
the valve 70 is connected through a tube 84 to the first
heat exchanger 71. The first heat exchanger 71 for heat
exchange with the outside air is connected through a
tube to the expansion valve 72 that is in turn connected
to the receiver 73. The receiver 73 is connected through
a tube 85 to the expansion valve 76 that is in turn con-
nected to the second heat exchanger 74. The second
heat exchanger 74 provides heat exchange with the air
inside a passenger compartment of the vehicle with the
help of the blower 75 disposed adjacent to the second
heat exchanger 74. The second heat exchanger 74 is
connected through a tube 86 to the third port 87 of the
valve 70. The fourth port 88 of the valve 70 is connected
through a tube 89 to the inlet port 15 (see Fig. 1) of the
scroll compressor 1.

[0015] Thevalve 70is operated between afirst position
in which the first port 82 is connected to the second port
83 and the third port 87 is connected to the fourth port
88 as shown in Fig. 4A and a second position in which
the first port 82 is connected to the third port 87 and the
second port 83 is connected to the fourth port 88 as
shown in Fig. 4B. The receiver 73 is connected to a re-
frigerant gas supply passage 90 that is in turn connected
to the injection passage 52 of the scroll compressor 1.
The refrigerant gas supply passage 90 is provided with
a check valve (not shown).

[0016] The following will describe the operation of the
scroll compressor 1 of the present embodiment. During
the cooling operation of the scroll compressor 1 of the
air conditioner, refrigerant is circulated through the cool-
ing and heating circuit so that the second heat exchanger
74 functions as an evaporator. The first heat exchanger
71 functions as a condenser to release the heat of refrig-
erant to the outside air. In the valve 70, the first port 82
is connected to the second port 83 while the third port 87
is connected to the fourth port 88, as shown in Fig. 4A.
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In the scroll compressor 1, the drive shaft 18 is rotated
with the rotor 22, so that the movable scroll 28 connected
through the bush 35 and the bearing 34 to the eccentric
pin 36 of the drive shaft 18 is driven to make an orbital
motion with respect to the fixed scroll 26. With the orbital
motion of the movable scroll 28, refrigerant is introduced
from the inlet port 15 into the suction chamber 38 and
then through the suction port 40 into the compression
chamber 30. The volume of the compression chambers
30, 30A, 30B trapping the refrigerant is reduced thereby
to compress the refrigerant. The compressed refrigerant
is discharged out of the compression chamber 30A
through the discharge port 42 into the discharge chamber
44, and then discharged through the outlet port 50 into
the tube 81 of the cooling and heating circuit.

[0017] During the cooling operation of the compressor
1, the selector device 60 is in the state shown in Fig. 3.
The cylindrical chamber 64 is supplied with suction re-
frigerant, or refrigerant of suction pressure, from the suc-
tion port 40 through the suction pressure passage 62.
The cylindrical chamber 64 is also supplied with the out-
side air from the communication port 68A through the
outside air chamber 68. In the cylindrical chamber 64,
the pressure of suction refrigerant is applied to the spool
valve 66 from the left side as seen in Fig. 3, while the
urging force of the coil spring 69 and the outside air pres-
sure are applied to the spool valve 66 from the right side.
Since the suction refrigerant has a high temperature and
pressure during the cooling operation, the force due to
the pressure of suction refrigerant is larger than the sum
of the urging force of the coil spring 69 and the force due
to the outside air pressure. Accordingly, the spool valve
66 is moved rightward as seen in Fig. 3, or toward the
outside air chamber 68 in the cylindrical chamber 64 until
the spool valve 66 is brought into contact with the pro-
jections 64A, so that the injection passage 52 is discon-
nected from the communication hole 66A of the spool
valve 66 and hence from the connecting passage 52A
and the compression chamber 30B. Thus, while the ve-
hicle passenger compartmentis being cooled, refrigerant
of a medium pressure supplied from the receiver 73
through the refrigerant gas supply passage 90 to the in-
jection passage 52 is notintroduced into the compression
chamber 30B.

[0018] On the other hand, when the first port 82 is con-
nected to the third port 87 while the second port 83 is
connected to the fourth port 88 in the valve 70 as shown
in Fig. 4B, the second heat exchanger 74 functions as a
condenser, so that the passenger compartment is heat-
ed. The first heat exchanger 71 then functions as evap-
orator to release the heat of refrigerant to the outside air.
In this case, the selector device 60 is in the state shown
in Fig. 5. Since the suction refrigerant has a low temper-
ature and pressure during the heating operation, the sum
of the urging force of the coil spring 69 and the outside
air pressure is larger than the pressure of suction refrig-
erant. The spool valve 66 is moved leftward, as seen in
Fig. 5, or toward the suction pressure passage 62 in the
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cylindrical chamber 64 until the spool valve 66 is brought
into contact with the end of the cylindrical chamber 64,
so that the communication hole 66A of the spool valve
66 is connected to the injection passage 52 and also to
the connecting passage 52A and the compression cham-
ber 30B. Thus, while the vehicle passenger compartment
is being heated, refrigerant of a medium pressure sup-
plied from the receiver 73 through the refrigerant gas
supply passage 90 to the injection passage 52 is intro-
duced into the compression chamber 30B through the
connecting passage 52A. The medium-pressure refrig-
erantis further compressed in the compression chamber
30B together with the refrigerant supplied through the
suction port 40, resulting in increased operating efficien-
cy of the cooling and heating circuit.

[0019] The scroll compressor 1 of the present embod-
iment offers the following advantages.

(1) In the selector device 60, the spool valve 66 is
moved according to the relation of the suction refrig-
erant pressure supplied from the suction pressure
passage 62, the urging force of the coil spring 69
and the outside air pressure, so that the injection
passage 52 is connected to or disconnected from
the compression chamber 30B. Thus, the injection
of medium-pressure refrigerant from the injection
passage 52 into the compression chamber 30B can
be controlled automatically according to the change
of the suction refrigerant pressure due to the switch-
ing between the cooling and the heating operations
of the compressor. That is, the injection can be done
or stopped appropriately with the switching between
the cooling and the heating operations of the com-
pressor.

(2) The selector device 60 for injection of medium-
pressure refrigerant is provided not in the cooling
and heating circuit outside the compressor 1, but in
the fixed scroll 26 of the scroll compressor 1. This
prevents an increase of the size of the cooling and
heating circuit.

(3) Since the suction refrigerant pressure, the urging
force of the coil spring 69 and the outside air pressure
are used to move directly the spool valve 66, there
is no need to provide any electric actuator and its
associated electric signal line for moving the spool
valve 66, resulting in a simple structure and reduced
cost of the selector device 60.

(4) Inthe selector device 60, the outside air pressure
is applied to the spool valve 66. The outside air used
to move the spool valve 66 is less changed in state
and hence stable and also provides a good pressure
difference against the suction refrigerant, resulting
in reliable operation of the selector device 60.

[0020] Figs. 6, 7 and 8 show the second embodiment
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of the scroll compressor according to the present inven-
tion. The second embodiment differs from the first em-
bodiment in the structure of the selector device. In the
drawings, same reference numerals are used for the
common elements or components in the first and second
embodiments, and the description of such elements or
components of the second embodiment will be omitted.
As shown in Fig. 6, the selector device designated gen-
erally by 100 includes a suction pressure passage 162,
a discharge pressure passage 144, a first cylindrical
chamber 164 and a second cylindrical chamber 102. The
suction pressure passage 162 is in communication at
one end thereof with the suction port 40 and at the other
end thereof with the first cylindrical chamber 164. That
is, the first cylindrical chamber 164 is in communication
through the suction pressure passage 162 and the suc-
tion port 40 with the suction chamber 38 (Fig. 1). The
discharge pressure passage 144 is connected at one end
thereof to the discharge chamber 44 and at the other end
thereof to the first cylindrical chamber 164 at a position
in the periphery thereof. The first cylindrical chamber 164
is in communication with the outside air chamber 68. The
outside air chamber 68 is disposed on the side of the first
cylindrical chamber 164 that is opposite from the suction
pressure passage 162. The outside air chamber 68 has
the communication port 68A (see Fig. 7) that is in com-
munication with the outside air. The first cylindrical cham-
ber 164 is in communication through the outside air
chamber 68 with the outside air.

[0021] The first cylindrical chamber 164 is in commu-
nication also with a connecting passage 152A which is
of a round cross section having a diameter that is sub-
stantially equal to the diameter of the discharge pressure
passage 144. The connecting passage 152A is in com-
munication at one end thereof with the first cylindrical
chamber 164 and at the other end thereof with the second
cylindrical chamber 102. The connecting passage 152A
is disposed on the side of the first cylindrical chamber
164 thatis opposite from the discharge pressure passage
144. The connecting passage 152A and the discharge
pressure passage 144 are arranged linearly and coaxi-
ally. The injection passage 152 is connected to the sec-
ond cylindrical chamber 102 at a position in the periphery
thereof. The second cylindrical chamber 102 is also in
communication with a connecting passage 152B. The
connecting passage 152B is in communication at one
end thereof with the second cylindrical chamber 102 and
at the other end thereof with the compression chamber
308. The connecting passage 152B is disposed on the
side of the second cylindrical chamber 102 that is oppo-
site from the connecting passage 152A. The connecting
passage 152A and the connecting passage 152B are
arranged linearly and coaxially.

[0022] The first cylindrical chamber 164 accommo-
dates a cylindrical first spool valve 166. The first spool
valve 166 is slidingly movable in the first cylindrical cham-
ber 164. The suction pressure passage 162 is in com-
munication with the first cylindrical chamber 164 so that
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the pressure in the suction chamber 38 is applied to one
end of the first spool valve 166. The outside air chamber
68 is in communication with the first cylindrical chamber
164 so that the outside air pressure in the outside air
chamber 68 is applied to the other end of the first spool
valve 166. The first spool valve 166 has a diameter that
is slightly smaller than the diameter of the first cylindrical
chamber 164. In the first cylindrical chamber 164, the
first spool valve 166 can block fluid flow from the suction
port 40 or the suction chamber 38, the outside air cham-
ber 68, the discharge pressure passage 144, and the
connecting passage 152A or the second cylindrical
chamber 102. The first spool valve 166 has in the periph-
ery thereof a first communication passage 166A in the
form of an annular groove. The first communication pas-
sage 166A connects between the discharge pressure
passage 144 and the connecting passage 152A when
the first spool valve 166 is moved toward the outside air
chamber 68 and broughtinto contact with the projections
164A (seeFig. 7). Thefirstspoolvalve 166 has an annular
groove 166B formed in the periphery thereof adjacent to
the outside air chamber 68 to receive the O ring 67. The
first cylindrical chamber 164 accommodates the coil
spring 69 that urges the first spool valve 166 toward one
end of the first cylindrical chamber 164, that is, toward
the suction pressure passage 162 so that the suction
chamber 38 is connected to the second cylindrical cham-
ber 102.

[0023] The first spool valve 166 has a second commu-
nication passage 166C formed therethrough in the form
of an L shape. One end of the second communication
passage 166C is opened to the suction pressure passage
162, while the other end of the second communication
passage 166C is opened to the connecting passage
152A. The second communication passage 166C is con-
nected to the connecting passage 152A when the first
spool valve 166 is positioned at the end of the first cylin-
drical chamber 164, as shown in Fig. 8. The second cy-
lindrical chamber 102 accommodates a cylindrical sec-
ond spool valve 104. The second spool valve 104 is slid-
ingly movable in the second cylindrical chamber 102. The
first cylindrical chamber 164 is connected to the second
cylindrical chamber 102 so that the pressure in the suc-
tion chamber 38 or in the discharge chamber 44 is applied
to one end of the second spool valve 104. The compres-
sion chamber 30B is in communication with the second
cylindrical chamber 102 so that the pressure in the com-
pression chamber 30B is applied to the other end of the
second spool valve 104. The second spool valve 104 has
a diameter that is slightly smaller than the diameter of
the second cylindrical chamber 102. In the second cylin-
dricalchamber 102, the second spool valve 104 can block
fluid flow from the connecting passage 152A or the first
cylindrical chamber 164, the injection passage 152, and
the connecting passage 152B or the compression cham-
ber 30B. The scroll compressor 1 equipped with the
above-described selector device 100 forms a part of the
cooling and heating circuit of the vehicular air conditioner



11 EP 2 644 892 B1 12

shown in Figs. 4A and 4B, as in the case of the first em-
bodiment.

[0024] The following will describe the operation of the
selector device 100. During the cooling operation of the
compressor 1, the selector device 100 is in the state
shown in Fig. 7. The first cylindrical chamber 164 is sup-
plied with suction refrigerant, or refrigerant of suction
pressure, from the suction port 40 through the suction
pressure passage 162. The first cylindrical chamber 164
is also supplied with the outside air from the communi-
cation port 68A through the outside air chamber 68. In
the first cylindrical chamber 164, the pressure of suction
refrigerant is applied to the first spool valve 166 from the
left side as seen in Fig. 7, while the urging force of the
coil spring 69 and the outside air pressure are applied to
the first spool valve 166 from the right side. Since the
suction refrigerant has a high temperature and pressure
during the cooling operation, the pressure of suction re-
frigerant is larger than the sum of the urging force of the
coil spring 69 and the outside air pressure. The first spool
valve 166 is moved rightward toward the outside air
chamber 68 in the first cylindrical chamber 164, so that
the discharge pressure passage 144 is connected to the
connecting passage 152A through the first communica-
tion passage 166A of the first spool valve 166. Then high
pressure refrigerant in the discharge chamber 44 is in-
troduced through the discharge pressure passage 144
into second cylindrical chamber 102. In the second cy-
lindrical chamber 102, the pressure of refrigerant in the
discharge chamber 44 is applied to the side of the second
spool valve 104 facing the connecting passage 152A,
while the pressure of refrigerant in the compression
chamber 30B and the injection passage 152 is applied
to the side of the second spool valve 104 facing the con-
necting passage 152B. Since the pressure of refrigerant
in the discharge chamber 44 is larger than the pressure
of refrigerant in the compression chamber 30B and the
injection passage 152, the second spool valve 104 is
moved downward as seen in Fig. 7 in the second cylin-
drical chamber 102, so that the injection passage 152 is
disconnected from the connecting passage 152B and
hence from the compression chamber 30B by the second
spool valve 104. Thus, while the vehicle passenger com-
partment is being cooled, refrigerant of a medium pres-
sure that is supplied from the receiver 73 through the
refrigerant gas supply passage 90 to the injection pas-
sage 152 is notintroduced into the compression chamber
30B.

[0025] During the heating operation of the compressor
1, the selector device 100 is in the state shown in Fig. 8.
Since the suction refrigerant has a low temperature and
pressure during the heating operation, the sum of the
urging force of the coil spring 69 and the outside air pres-
sure is larger than the pressure of suction refrigerant.
The first spool valve 166 is moved leftward as seen in
Fig. 8 or toward the suction pressure passage 162 in the
first cylindrical chamber 164, so that the first communi-
cation passage 166A of the first spool valve 166 is dis-
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connected from the discharge pressure passage 144 and
the connecting passage 152A and, therefore, the dis-
charge pressure passage 144 is disconnected from the
connecting passage 152Aby the first spool valve 166, as
shown in Fig. 8. The second communication passage
166C is connected to the suction pressure passage 162
and the connecting passage 152A and also to the second
cylindrical chamber 102. In the second cylindrical cham-
ber 102, the pressure of refrigerant in the suction cham-
ber 38 is applied to the side of the second spool valve
104 facing the connecting passage 152A, while the pres-
sure of refrigerant in the compression chamber 30B and
the injection passage 152 is applied to the side of the
second spool valve 104 facing the connecting passage
152B. Since the pressure of refrigerant in the suction
chamber 38 is smaller than the pressure of refrigerant in
the compression chamber 30B and the injection passage
152, the second spool valve 104 is moved upward as
seen in Fig. 8 in the second cylindrical chamber 102, so
that the injection passage 152 is connected to the con-
necting passage 152B and hence to the compression
chamber 30B. Thus, while the vehicle passenger com-
partment is being heated, refrigerant of a medium pres-
sure that is supplied from the receiver 73 through the
refrigerant gas supply passage 90 to the injection pas-
sage 152 is introduced into the compression chamber
30B.

[0026] The second embodiment offers the following
advantages.

(5) In the selector device 100, the first spool valve
166 is moved according to the relation of the suction
refrigerant pressure supplied from the suction pres-
sure passage 162, the urging force of the coil spring
69 and the outside air pressure, so that the discharge
pressure passage 144 or the suction pressure pas-
sage 162 is selectively connected to or disconnected
from the second cylindrical chamber 102. In the sec-
ond cylindrical chamber 102, the second spool valve
104 is moved according to the relation of the dis-
charge refrigerant pressure in the discharge cham-
ber 44 supplied through the discharge pressure pas-
sage 144 or the suction refrigerant pressure in the
suction chamber 38 supplied through the suction
pressure passage 162, the pressure of refrigerant in
the injection passage 152 and the compression
chamber 30B, so that the injection passage 152 is
connected to or disconnected from the compression
chamber 30B. Thus, the injection of medium-pres-
sure refrigerant from the injection passage 152 into
the compression chamber 30B can be controlled au-
tomatically with the switching between the cooling
and the heating operations of the compressor. That
is, the injection can be done or stopped appropriately
with the switching between the cooling and the heat-
ing operations of the compressor.

(6) The selector device 100 for injection of medium-
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pressure refrigerant is provided not in the cooling
and heating circuit outside the compressor 1, but in
the fixed scroll 26 of the scroll compressor 1. This
prevents an increase of the size of the cooling and
heating circuit.

(7) In the selector device 100, the first cylindrical
chamber 164 and the second cylindrical chamber
102 are connected by the connecting passage 152A.
This allows flexible arrangement of the first cylindri-
cal chamber 164, thereby allowing the injection pas-
sage 152 to be located closer to the compression
chamber 308.

[0027] Figs. 9 and 10 show the third embodiment of
the scroll compressor according to the presentinvention.
The third embodiment differs from the second embodi-
ment in the structure of the second spool valve of the
selector device. In the drawings, same reference numer-
als are used for the common elements or components in
the second and third embodiments, and the description
of such elements or components of the third embodiment
will be omitted. As shown in Fig. 9, the selector device
designated generally by 110 includes a second spool
valve 106 accommodated in the second cylindrical cham-
ber 102. The second spool valve 106 has two cylindrical
portions of different diameters, namely a small-diameter
portion on the side facing the connecting passage 152A
and a large-diameter portion on the side facing the con-
necting passage 152B. The diameter of the small-diam-
eter portion of the second spool valve 106 is larger than
the diameter of the connecting passage 152A. The fol-
lowing will describe the operation of the selector device
110. During the cooling operation, the selector device
110 is in the state shown in Fig. 9. In the first cylindrical
chamber 164, the pressure of suction refrigerant is ap-
plied to the first spool valve 166 from the left side as seen
in Fig. 9, while the urging force of the coil spring 69 and
the outside air pressure are applied to the first spool valve
166 from the right side. Since the suction refrigerant has
a high temperature and pressure during the cooling op-
eration, the first spool valve 166 is moved rightward or
toward the outside air chamber 68 in the first cylindrical
chamber 164.

[0028] Then the discharge pressure passage 144 is
connected to the connecting passage 152A through the
first communication passage 166A of the first spool valve
166. High pressure refrigerant in the discharge chamber
44 is introduced through the discharge pressure passage
144 into the second cylindrical chamber 102. In the sec-
ond cylindrical chamber 102, the pressure of refrigerant
in the discharge chamber 44 is applied to the side of the
second spool valve 106 facing the connecting passage
152A, while the pressure of refrigerant in the compres-
sion chamber 30B is applied to the side of the second
spool valve 106 facing the connecting passage 152B.
Since the pressure in the discharge chamber 44 is larger
than the pressure of refrigerant in the compression cham-
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ber 30B, the second spool valve 106 is moved downward,
or toward the connecting passage 152B in the second
cylindrical chamber 102, so that the injection passage
152 is disconnected from the connecting passage 152B
and hence from the compression chamber 30B by the
second spool valve 106. Thus, while the vehicle passen-
ger compartmentis being cooled, refrigerant of a medium
pressure supplied from the receiver 73 through the re-
frigerant gas supply passage 90 to the injection passage
152is notintroduced into the compression chamber 30B.
In this case where the injection passage 152 is connected
through the discharge pressure passage 144 to the dis-
charge chamber 44, the pressure in the discharge cham-
ber 44 is supplied to the injection passage 152 and also
to the check valve provided in the refrigerant gas supply
passage 90.

[0029] During the heating operation of the compressor
1, the selector device 110 is in the state shown in Fig.
10. During the heating operation when the suction refrig-
erant has a low temperature and pressure, the first spool
valve 166 is moved leftward as seen in Fig. 10, or toward
the suction pressure passage 162 in the first cylindrical
chamber 164, so that the discharge pressure passage
144 is disconnected from the connecting passage 152A
by the first spool valve 166. The suction pressure pas-
sage 162 is connected to the second cylindrical chamber
102 through the second communication passage 166C
of the first spool valve 166. The refrigerant in the injection
passage 152 which has substantially the same pressure
as the refrigerant in the discharge chamber 44 is flown
through the second cylindrical chamber 102 and the suc-
tion pressure passage 162 into the suction chamber 38
of lower pressure, so that the refrigerant present in the
injection passage 152 and the refrigerant applied to the
upper surface of the second spool valve 106 have sub-
stantially the same pressure as the refrigerantin the suc-
tion chamber 38. On the other hand, the pressure of re-
frigerant in the compression chamber 30B is applied to
the lower surface of the second spool valve 106. Since
the pressure of refrigerant in the compression chamber
30B is largerthanthe pressure ofrefrigerantin the suction
chamber 38, the second spool valve 106 is moved up-
ward in the second cylindrical chamber 102, so that the
injection passage 152 is connected to the connecting
passage 152B and hence to the compression chamber
30B. Thus, while the vehicle passenger compartment is
being heated, refrigerant of a medium pressure supplied
from the receiver 73 through the refrigerant gas supply
passage 90 to the injection passage 152 is introduced
into the compression chamber 30B.

[0030] The third embodiment offers the advantages
similar to those of the second embodiment and also offers
the following advantage.

(8) During the cooling operation, the injection pas-
sage 152 is connected to the discharge chamber 44
through the second cylindrical chamber 102, the con-
necting passage 152A, the first cylindrical chamber
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164 and the discharge pressure passage 144. This
allows the injection passage 152 to be used as a
muffler chamber.

[0031] Figs.11,12and 13 show the fourthembodiment
of the scroll compressor according to the present inven-
tion. The fourth embodiment differs from the first embod-
iment in the structure of the selector device. In the draw-
ings, same reference numerals are used for the common
elements or components in the first and fourth embodi-
ments, and the description of such elements or compo-
nents of the fourth embodiment will be omitted. As shown
in Figs. 11 and 12, the selector device designated gen-
erally by 121 includes a bimetal strip 124, a connecting
member 126, a cylindrical spool valve 266 and the afore-
mentioned cylindrical chamber 64. The spool valve 266
is slidingly movable in the cylindrical chamber 64 with a
variation of the temperature in the suction chamber 38.
The compression chamber 30B is connected to or dis-
connected from the injection passage 52 with the move-
ment of the spool valve 266. The selector device 121
further includes a bracket 122 projecting from the mov-
able scroll 28 into the suction port 40 to support one end
of the bimetal strip 124. The other end of the bimetal strip
124 is connected to one end of the connecting member
126. The other end of the connecting member 126 is
connected to the spool valve 266. The bimetal strip 124
is connected through the connecting member 126 to the
spool valve 266. The bimetal strip 124 is composed of
two metal plates 124A, 124B joined together and having
different coefficients of thermal expansion. In the present
embodiment, the bimetal strip 124 is disposed such that
the metal plate 124B of a lower coefficient of thermal
expansion is located closer to the suction pressure pas-
sage 62 than the other metal plate 123A (see Fig. 12).
The bimetal strip 124 is formed such that there is little
difference in length between the two metal plates 124A,
124B and no deformation occurs in the bimetal strip 124
when the bimetal strip 124 is exposed to the temperature
ofrefrigerantin the suction chamber 38 during the cooling
operation. The connecting member 126 is made of a met-
al having an elasticity and a low coefficient of thermal
expansion. It is noted that in the fourth embodiment the
spool valve 266 has no annular groove such as 66B and
no O ring such as 67 and also that no coil spring such
as 69 is provided in the cylindrical chamber 64 and no
outside air chamber such as 68 is provided (see Figs. 3,
12 and 13).

[0032] The following will describe the operation of the
selector device 121. During the cooling operation of the
compressor 1, the selector device 121 is in the state
shown in Fig. 12. The cylindrical chamber 64 is supplied
with suction refrigerant from the suction port 40 through
the suction pressure passage 62. During the cooling op-
eration when the suction refrigerant has a higher tem-
perature, as compared to the case of heating operation,
there is little difference in length between the metal plates
124A, 124B due to thermal expansion and no deforma-
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tion occurs in the bimetal strip 124. In this case, the con-
necting member 126 connected to the bimetal strip 124
positions the spool valve 266 in contact with the projec-
tions 64A in the cylindrical chamber 64. The communi-
cation hole 266A of the spool valve 266 is disconnected
from the injection passage 52 and the connecting pas-
sage 52A, so that the injection passage 52 is disconnect-
ed from the compression chamber 30B by the spool valve
266. Thus, while the vehicle passenger compartment is
being cooled, refrigerant of a medium pressure supplied
from the receiver 73 through the refrigerant gas supply
passage 90 to the injection passage 52 is not introduced
into the compression chamber 30B.

[0033] During the heating operation of the compressor
1, the selector device 121 is in the state shown in Fig.
13. The cylindrical chamber 64 is supplied with suction
refrigerant from the suction port 40 through the suction
pressure passage 62. During the heating operation when
the suction refrigerant has a lower temperature, as com-
pared to the case of cooling operation, there occurs a
noticeable difference in length between the metal plates
124A, 124B due to thermal expansion, which causes de-
formation of the bimetal strip 124, so that the end of the
bimetal strip 124 connected to the connecting member
126 is moved away from the suction pressure passage
62 and, therefore, the spool valve 266 connected to the
connecting member 126 is moved leftward in the cylin-
drical chamber 64 as seen in Fig. 13. Then the commu-
nication hole 266A of the spool valve 266 is connected
to the injection passage 52 and the connecting passage
52A, so that the injection passage 52 is connected to the
compression chamber 30B. Thus, refrigerant of a medi-
um pressure is introduced from the injection passage 52
into the compression chamber 30B.

[0034] The fourth embodiment offers the following ad-
vantages.

(9) In the selector device 121, the operation of the
bimetal strip 124 occurring depending on the tem-
perature of the suction refrigerant causes movement
of the spool valve 266 in the cylindrical chamber 64
through the connecting member 126, thereby caus-
ing the injection passage 52 to be connected to or
disconnected from the compression chamber 30B.
Thus, the injection of medium-pressure refrigerant
from the injection passage 52 into the compression
chamber 30B can be controlled automatically with
the switching between the cooling and the heating
operations of the compressor. That is, the injection
can be done or stopped appropriately with the
switching between the cooling and the heating op-
erations of the compressor.

(10) The selector device 121 for injection of medium-
pressure refrigerant is provided not in the cooling
and heating circuit outside the compressor 1, but in
the fixed scroll 26 of the scroll compressor 1.



17 EP 2 644 892 B1 18

(11) The use of the bimetal strip 124 in the selector
device 121 allows the selector device 121 to operate
depending on the suction refrigerant temperature
and also results in a simple structure.

[0035] Figs. 14 and 15 show the fifth embodiment of
the scroll compressor according to the presentinvention.
The fifth embodiment differs from the fourth embodiment
in the structure of the selector device. In the drawings,
same reference numerals are used for the common ele-
ments or components in the fourth and fifth embodi-
ments, and the description of such elements or compo-
nents of the fifth embodiment will be omitted. As shown
in Fig. 14, the selector device designated generally by
130 includes a cylindrical temperature-sensing member
131, an extendable member 132, a connecting member
133 and the aforementioned cylindrical chamber 64 and
cylindrical spool valve 266. The selector device 130 in-
cludes no bracket such as 122 and no bimetal strip such
as 124 as in the fourth embodiment. The temperature-
sensing member 131 is provided in the suction port 40
so as to close the opening of the suction pressure pas-
sage 62, serving to detect the variation of refrigerant tem-
perature in the suction chamber 38. In the present em-
bodiment, the temperature-sensingmember 131 is made
of a metal plate having a high thermal conductivity such
as a stainless steel plate or copper plate. The interior of
the temperature-sensing member 131 is in communica-
tion with the interior of the extendable member 132 that
is provided in the suction pressure passage 62. The tem-
perature-sensing member 131 and the extendable mem-
ber 132 are filled with a thermally expandable medium
thatis expandable and shrinkable with the variation of its
temperature. The extendable member 132 is connected
to one end of the connecting member 133. The other end
of the connecting member 133 is connected to the spool
valve 266. The extendable member 132 is connected
through the connecting member 133 to the spool valve
266.

[0036] The following will describe the operation of the
selector device 130. During the cooling operation of the
compressor 1, the selector device 130 is in the state
shown in Fig. 14. The temperature-sensing member 131
is exposed to the suction refrigerant in the suction port
40. During the cooling operation when the suction refrig-
erant has a higher temperature, as compared to the case
of heating operation, the thermally expandable medium
exposed through the temperature-sensing member 131
to such suction refrigerant is expanded thereby to extend
the extendable member 132. The spool valve 266 con-
nected through the connecting member 133 to the ex-
tendable member 132 is moved rightward as seen in Fig.
14 in the cylindrical chamber 64, so that the communi-
cation hole 266A of the spool valve 266 is disconnected
from the injection passage 52 and the connecting pas-
sage 52A and, therefore, the injection passage 52 is dis-
connected from the compression chamber 30B by the
spool valve 266. Thus, while the passenger compartment
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is being cooled, medium-pressure refrigerant supplied
from the receiver 73 through the refrigerant gas supply
passage 90 to the injection passage 52 is not introduced
into the compression chamber 30B.

[0037] During the heating operation of the compressor
1, the selector device 130 is in the state shown in Fig.
15. The temperature-sensing member 131 is exposed to
the suction refrigerant in the suction port 40. During the
heating operation when the suction refrigerant has a low-
er temperature, as compared to the case of cooling op-
eration, the thermally expandable medium exposed
through the temperature-sensing member 131 to such
suction refrigerant is shrunk thereby to retract the extend-
able member 132. The spool valve 266 connected
through the connecting member 133 to the extendable
member 132 is moved leftward as seen in Fig. 15 in the
cylindrical chamber 64, so that the communication hole
266A of the spool valve 266 is connected to the injection
passage 52 and the connecting passage 52A and, there-
fore, the injection passage 52 is connected to the com-
pression chamber 30B. Thus, medium-pressure refrig-
erantis introduced from the injection passage 52 into the
compression chamber 30B.

[0038] The fifth embodiment offers the following ad-
vantages.

(12) The selector device 130 has the temperature-
sensing member 131 and the extendable member
132 which are filled with the thermally expandable
medium. The thermally expandable medium is ex-
panded or shrunk with the variation of the suction
refrigerant temperature thereby to extend or retract
the extendable member 132, so that the spool valve
266 connected to the extendable member 132 is
moved in the cylindrical chamber 64 and, therefore,
the injection passage 52 is connected to or discon-
nected from the compression chamber 30B. Thus,
the injection of medium-pressure refrigerantfrom the
injection passage 52 into the compression chamber
30B can be controlled automatically with the switch-
ing between the cooling and the heating operations
of the compressor. That is, the injection can be done
or stopped appropriately with the switching between
the cooling and the heating operations of the com-
pressor.

(13) The selector device 130 for injection of medium-
pressure refrigerant is provided not in the cooling
and heating circuit outside the compressor 1, but in
the fixed scroll 26 of the scroll compressor 1.

(14) The use of the temperature-sensing member
131, the extendable member 132 and the thermally
expandable medium in the selector device 130 al-
lows the selector device 130 to operate depending
on the variation of suction refrigerant temperature
and also to simplify the structure.
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[0039] Itis to be understood that the present invention
is not limited to the above-described embodiments, but
it may be modified in various ways as exemplified below.
[0040] The injection passages 52, 152 may be con-
nected to the compression chamber 30 other than the
compression chamber 30B. Plural injection passages
such as 52, 152 may be provided for injection of medium-
pressure refrigerant into the plural compression cham-
bers 30.

[0041] The urging member may be provided not only
by the coil spring 69 but also by any other elastic member
such as leaf spring. In addition, for example in the first
embodiment, the urging member such as 69 disposed
not only on the side of the spool valve 66 facing the out-
side air chamber 68 but also on the side of the spool
valve 66 facing the suction pressure passage 62 may
urge the spool valve 66 toward the suction pressure pas-
sage 62.

[0042] Inthe second embodiment, the length or shape
of the connecting passage 152A may be changed. Lo-
cating the first cylindrical chamber 164 on the side of the
second cylindrical chamber 102 closer to the suction port
40, the distance between the compression chamber 30
and the discharge chamber 44 can be reduced further.

[0043] The first and second spool valves 166, 104 in
the second embodiment are applicable to the fourth and
fifth embodiments.

[0044] Inthe thirdembodiment,the discharge pressure
supplied to the check valve in the refrigerant gas supply
passage 90 may be used to operate the four-way valve
70 in switching between the cooling and the heating op-
erations.

[0045] In the fourth embodiment, the bimetal strip 124
may be replaced by a shape-memory alloy or any other
suitable means that allows the spool valve 266 to be
moved with the variation of suction refrigerant tempera-
ture.

[0046] A scroll compressor includes a housing having
therein a suction chamber and a discharge chamber, a
fixed scroll fixed in the housing, a movable scroll disposed
in the housing in engagement with the fixed scroll to form
therebetween a compression chamber into which low
pressure refrigerant is introduced from the suction cham-
ber and from which high pressure refrigerant is dis-
charged into the discharge chamber, the movable scroll
orbiting relative to the fixed scroll to vary the volume of
the compression chamber, and an injection passage
through which medium-pressure refrigerantis introduced
into the compression chamber. The scroll compressor
further includes a selector device connecting the com-
pression chamber to the injection passage or disconnect-
ing the compression chamber from the injection passage
with the change of the pressure or the temperature of the
refrigerant in the suction chamber.
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Claims

1.

A scroll compressor, comprising:

a housing (10) having therein a suction chamber
(38) and a discharge chamber (44);

a fixed scroll (26) fixed in the housing (10);

a movable scroll (28) disposed in the housing
(10) in engagement with the fixed scroll (26) to
form therebetween a compression chamber (30,
30A, 30B) into which low pressure refrigerant is
introduced from the suction chamber (38) and
from which high pressure refrigerant is dis-
charged into the discharge chamber (44), the
movable scroll (28) orbiting relative to the fixed
scroll (26) to vary the volume of the compression
chamber (30, 30A, 30B); and

an injection passage (52, 152) through which
medium-pressure refrigerant is introduced into
the compression chamber (30B),
characterized by

a selector device (60, 100, 110, 121, 130) con-
necting the compression chamber (30B) to the
injection passage (52, 152) or disconnecting the
compression chamber (30B) from the injection
passage (52, 152) with the change of the pres-
sure or the temperature of the refrigerant in the
suction chamber (38).

The scroll compressor of claim 1, wherein the selec-
tor device (60) includes

a cylindrical chamber (64) connected to the suction
chamber (38), outside air, the injection passage (52)
and the compression chamber (30B);

a spool valve (66) slidingly movable in the cylindrical
chamber (64) with the change of the pressure of the
refrigerant in the suction chamber (38) so that the
compression chamber (30B) is connected to or dis-
connected from the injection passage (52); and

an urging member (69) urging the spool valve (66)
so thatthe compression chamber (30B) is connected
to the injection passage (52),

wherein the cylindrical chamber (64) is connected to
the suction chamber (38) so that the pressure in the
suction chamber (38) is applied to one end of the
spool valve (66), and

the cylindrical chamber (64) is connected to the out-
side air so that the pressure of the outside air is ap-
plied to the other end of the spool valve (66).

The scroll compressor of claim 1, wherein the selec-
tor device (100, 110) includes

a first cylindrical chamber (164) connected to the
suction chamber (38), outside air and the discharge
chamber (44);

a second cylindrical chamber (102) connected to the
first cylindrical chamber (164), the injection passage
(152) and the compression chamber (30B);
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a first spool valve (166) slidingly movable in the first
cylindrical chamber (164) with the change of the
pressure of the refrigerant in the suction chamber
(38) so that the discharge chamber (44) is connected
to or disconnected from the second cylindrical cham-
ber (102), the first spool valve (166) disconnecting
the suction chamber (38) from the second cylindrical
chamber (102) when the discharge chamber (44) is
connected to the second cylindrical chamber (102),
the first spool valve (166) connecting the suction
chamber (38) to the second cylindrical chamber
(102) when the discharge chamber (44) is discon-
nected from the second cylindrical chamber (102);
a second spool valve (104, 106) slidingly movable
in the second cylindrical chamber (102), the second
spool valve (104, 106) disconnecting the compres-
sion chamber (30B) from the injection passage (152)
when the second cylindrical chamber (102) is con-
nected to the discharge chamber (44), the second
spool valve (104, 106) connecting the compression
chamber (30B) to the injection passage (152) when
the second cylindrical chamber (102) is connected
to suction chamber (38); and

an urging member (69) urging the first spool valve
(166) so that the suction chamber (38) is connected
to the second cylindrical chamber (102),

wherein the first cylindrical chamber (164) is con-
nected to the suction chamber (38) so that the pres-
sure in the suction chamber (38) is applied to one
end of the first spool valve (166),

the first cylindrical chamber (164) is connected to
the outside air so that the pressure of the outside air
is applied to the other end of the first spool valve
(166),

the second cylindrical chamber (102) is connected
to the first cylindrical chamber (164) so that the pres-
sure in the suction chamber (38) or in the discharge
chamber (44) is applied to one end of the second
spool valve (104, 106), and

the second cylindrical chamber (102) is connected
to the compression chamber (30B) so that the pres-
sure in the compression chamber (30B) is applied
to the other end of the second spool valve (104, 106).

The scroll compressor of claim 1, wherein the selec-
tor device (121) includes

a cylindrical chamber (64) connected to the injection
passage (52) and the compression chamber (30B);
a spool valve (266) slidingly movable in the cylindri-
cal chamber (64) with the change of the temperature
of the refrigerant in the suction chamber (38) so that
the compression chamber (30B) is connected to or
disconnected from the injection passage (52); and
a bimetal strip (124) connected to the spool valve
(266), wherein deformation of the bimetal strip (124)
with the change of the temperature of the refrigerant
in the suction chamber (38) causes movement of the
spool valve (266).

10

15

20

25

30

35

40

45

50

55

12

5.

The scroll compressor of claim 1, wherein the selec-
tor device (130) includes

a cylindrical chamber (64) connected to the injection
passage (52) and the compression chamber (30B);
a spool valve (266) slidingly movable in the cylindri-
cal chamber (64) with the change of the temperature
of the refrigerant in the suction chamber (38) so that
the compression chamber (30B) is connected to or
disconnected from the injection passage (52);

a temperature-sensing member (131) detecting the
temperature of the refrigerant in the suction chamber
(38); and

an extendable member (132) filled with a thermally
expandable medium that is expanded or shrunk de-
pending on the temperature detected by the temper-
ature-sensing member (131), wherein the extenda-
ble member (132) is extended by the expansion of
the thermally expandable medium to cause move-
ment of the spool valve (266).

Patentanspriiche

1.

2.

Spiralkompressor mit:

einem Gehause (10), das in ihm eine Saugkam-
mer (38) und eine Abgabekammer (44) hat;
einer feststehenden Spirale (26), die in dem Ge-
hause (10) fixiert ist;

einer beweglichen Spirale (28), die in dem Ge-
hause (10) in Eingriff mit der feststehenden Spi-
rale (26) so angeordnet ist, dass zwischen ihnen
eine Kompressionskammer (30, 30A, 30B) aus-
gebildetist, in die Niedrigdruckkiihimittel von der
Saugkammer (38) eingeleitet wird und von der
HochdruckkihImittel in die Abgabekammer (44)
abgegeben wird, wobei die bewegliche Spirale
(28) relativ zu der feststehenden Spirale (26)
umlauft, um das Volumen der Kompressions-
kammer (30, 30A, 30B) zu variieren; und
einem Einspritzkanal (52, 152), durch den ein
MitteldruckklhImittel in die Kompressionskam-
mer (30B) eingeleitet wird,

gekennzeichnet durch

eine Wahlvorrichtung (60, 100, 110, 121, 130),
die die Kompressionskammer (30B) mit dem
Einspritzkanal (52, 152) verbindet oder die Kom-
pressionskammer (30B) von dem Einspritzka-
nal (52, 152) trennt mitder Anderung des Drucks
oder der Temperatur des Kihlmittels in der
Saugkammer (38).

Spiralkompressor gemafR Anspruch 1, wobei die
Wahlvorrichtung (60) Folgendes hat:

eine zylindrische Kammer (64), die mit der
Saugkammer (38), der Auflenluft, dem Ein-
spritzkanal (52) und der Kompressionskammer
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(30B) verbunden ist;

ein Schieberventil (66), das in der zylindrischen
Kammer (64) gleitfahig bewegbar ist mit der An-
derung des Drucks des Kiihimittels in der Saug-
kammer (38) in derartiger Weise, dass die Kom-
pressionskammer (30B) mit dem Einspritzkanal
(52) verbunden wird oder von diesem getrennt
wird; und

ein Drangelement (69), das das Schieberventil
(66) so drangt, dass die Kompressionskammer
(30B) mit dem Einspritzkanal (52) verbunden
wird,

wobei die zylindrische Kammer (64) mit der
Saugkammer (38) so verbunden ist, dass der
Druck in der Saugkammer (38) auf ein Ende des
Schieberventils (66) aufgebracht wird, und

die zylindrische Kammer (64) mit der Auenluft
so verbunden ist, dass der Druck der Au3enluft
auf das andere Ende des Schieberventils (66)
aufgebracht wird.

Spiralkompressor gemaf Anspruch 1, wobei die
Wahlvorrichtung (100, 110) Folgendes hat:

eine erste zylindrische Kammer (164), die mit
der Saugkammer (38), der AuRenluft und der
Abgabekammer (44) verbunden ist;

eine zweite zylindrische Kammer (102), die mit
der ersten zylindrischen Kammer (164), dem
Einspritzkanal (152) und der Kompressions-
kammer (30B) verbunden ist;

ein erstes Schieberventil (166), dasinder ersten
zylindrischen Kammer (164) gleitfahig beweg-
lich ist mit der Anderung des Drucks des Kiihl-
mittels in der Saugkammer (38) in derartiger
Weise, dass die Abgabekammer (44) mit der
zweiten zylindrischen Kammer (102) verbunden
wird oder von dieser getrennt wird, wobei das
erste Schieberventil (166) die Saugkammer (38)
von der zweiten zylindrischen Kammer (102)
trennt, wenn die Abgabekammer (44) mit der
zweiten zylindrischen Kammer (102) verbunden
ist, wobei das erste Schieberventil (166) die
Saugkammer (38) mit der zweiten zylindrischen
Kammer (102) verbindet, wenn die Saugkam-
mer (44) von der zweiten zylindrischen Kammer
(102) getrennt ist;

ein zweites Schieberventil (104, 106), das in der
zweiten zylindrischen Kammer (102) gleitfahig
bewegbar ist, wobei das zweite Schieberventil
(104, 106) die Kompressionskammer (30B) von
dem Einspritzkanal (152) trennt, wenn die zwei-
te zylindrische Kammer (102) mit der Abgabe-
kammer (44) verbunden ist, wobei das zweite
Schieberventil (104, 106) die Kompressions-
kammer (30B) mit dem Einspritzkanal (152) ver-
bindet, wenn die zweite zylindrische Kammer
(102) mit der Saugkammer (38) verbunden ist;
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und

ein Drangelement (69), das das erste Schieber-
ventil (166) so drangt, dass die Saugkammer
(38) mit der zweiten zylindrischen Kammer
(102) verbunden wird,

wobei die erste zylindrische Kammer (164) mit
der Saugkammer (38) so verbunden ist, dass
der Druck in der Saugkammer (38) auf ein Ende
des ersten Schieberventils (166) aufgebracht
wird,

die erste zylindrische Kammer (164) mit der Au-
Renluft so verbunden ist, dass der Druck der Au-
Renluft auf das andere Ende des ersten Schie-
berventils (166) aufgebracht wird,

die zweite zylindrische Kammer (102) mit der
ersten zylindrischen Kammer (164) so verbun-
denist, dass der Druck in der Saugkammer (38)
oder in der Abgabekammer (44) auf ein Ende
des zweiten Schieberventils (104, 106) aufge-
bracht wird, und

die zweite zylindrische Kammer (102) mit der
Kompressionskammer (30B) so verbunden ist,
dass der Druck in der Kompressionskammer
(30B) auf das andere Ende des zweiten Schie-
berventils (104, 106) aufgebracht wird.

4. Spiralkompressor gemal Anspruch 1, wobei die
Wahlvorrichtung (121) Folgendes hat:

eine zylindrische Kammer (64), die mit dem Ein-
spritzkanal (52) und der Kompressionskammer
(30B) verbunden ist;

ein Schieberventil (266), das in der zylindri-
schen Kammer (64) gleitfahig bewegbar ist mit
der Anderung der Temperatur des Kiihimittels
in der Saugkammer (38) in derartiger Weise,
dass die Kompressionskammer (30B) mit dem
Einspritzkanal (52) verbunden wird oder von
diesem getrennt wird; und

einen Bimetallstreifen (124), der mit dem Schie-
berventil (266) verbunden ist, wobei eine Ver-
formung des Bimetallstreifens (124) mit der An-
derung der Temperatur des KihImittels in der
Saugkammer (38) eine Bewegung des Schie-
berventils (266) verursacht.

5. Spiralkompressor gemafl® Anspruch 1, wobei die
Wahlvorrichtung (130) Folgendes hat:

eine zylindrische Kammer (64), die mit dem Ein-
spritzkanal (52) und der Kompressionskammer
(30B) verbunden ist;

ein Schieberventil (266), das in der zylindri-
schen Kammer (64) gleitfahig bewegbar ist mit
der Anderung der Temperatur des Kiihimittels
in der Saugkammer (38) in derartiger Weise,
dass die Kompressionskammer (30B) mit dem
Einspritzkanal (52) verbunden wird oder von
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diesem getrennt wird;
ein Temperaturerfassungselement (131), das
die Temperatur des Kihilmittels in der Saugkam-
mer (38) erfasst; und

26

la chambre d’aspiration (38) de sorte que la
chambre de compression (30B) est raccordée
a ou déconnectée du passage d’injection (52) ;
et

ein ausdehnbares Element (132), das miteinem 5 un élément de poussée (69) poussant le tiroir
thermisch ausdehnbaren Medium gefiilltist, das cylindrique (66) de sorte que la chambre de
sich ausdehnt oder zusammenzieht in Abhan- compression (30B) est raccordée au passage
gigkeit von der Temperatur, die durch das Tem- d’injection (52),
peraturerfassungselement (131) erfasst wird, dans lequel la chambre cylindrique (64) est rac-
wobei das ausdehnbare Element (132) durch 70 cordée a la chambre d’aspiration (38) de sorte
das Ausdehnen des thermisch ausdehnbaren que la pression dans la chambre d’aspiration
Mediums ausgedehnt wird, um eine Bewegung (38) est appliquée sur une extrémité du tiroir cy-
des Schieberventils (266) zu bewirken. lindrique (66), et
la chambre cylindrique (64) est raccordée a l'air
15 extérieur de sorte que la pression de l'air exté-

Revendications

rieur est appliquée sur 'autre extrémité du tiroir
cylindrique (66).

1. Compresseur a spirales comprenant :

3. Compresseur a spirales selon la revendication 1,
dans lequel le dispositif de sélection (100, 110)
comprend :

un boitier (10) ayant, a I'intérieur de ce dernier, 20
une chambre d’aspiration (38) et une chambre

de décharge (44) ;
une spirale fixe (26) fixée dans le boitier (10) ;
une spirale mobile (28) disposée dans le boitier

pression (30B) ;

un tiroir cylindrique (66) mobile, de maniére cou-
lissante, dans la chambre cylindrique (64) avec
le changement de pression du réfrigérant dans

14

une premiére chambre cylindrique (164) raccor-
dée a la chambre d’aspiration (38), a I'air exté-

(10) en mise en prise avec la spirale fixe (26) 25 rieur et a la chambre de décharge (44) ;
pour former, entre elles, une chambre de com- une seconde chambre cylindrique (102) raccor-
pression (30, 30A, 30B) dans laquelle on intro- dée ala premiére chambre cylindrique (164), au
duit du réfrigérant a basse pression a partir de passage d’injection (152) et a la chambre de
lachambre d’aspiration (38) et a partir de laquel- compression (30B) ;
le le réfrigérant a haute pression est déchargé 30 un premier tiroir cylindrique (166) mobile, de ma-
dans la chambre de décharge (44), la spirale niére coulissante, dans la premiére chambre cy-
mobile (28) décrivant une orbite par rapport a la lindrique (164) avec le changement de pression
spirale fixe (26) afin de modifier le volume de la du réfrigérant dans la chambre d’aspiration (38)
chambre de compression (30, 30A, 30B) ; et de sorte que la chambre de décharge (44) est
un passage d’injection (52, 152) a travers lequel 35 raccordée a ou déconnectée de la seconde
du réfrigérant a moyenne pression est introduit chambre cylindrique (102), le premier tiroir cy-
dans la chambre de compression (30B), lindrique (166) déconnectant la chambre d’'as-
caractérisé par : piration (38) de la seconde chambre cylindrique
(102) lorsque la chambre de décharge (44) est
un dispositif de sélection (60, 100, 110, 121, 40 raccordée a la seconde chambre cylindrique
130) raccordant la chambre de compres- (102), le premier tiroir cylindrique (166) raccor-
sion (30B) au passage d’injection (52, 152) dant la chambre d’aspiration (38) a la seconde
ou déconnectant la chambre de compres- chambre cylindrique (102) lorsque la chambre
sion (30B) du passage d’injection (52, 152) de décharge (44) est déconnectée de la secon-
avecle changement de pression oude tem- 45 de chambre cylindrique (102) ;
pérature du réfrigérant dans la chambre un second tiroir cylindrique (104, 106) mobile,
d’aspiration (38). de maniéere coulissante, dans la seconde cham-
bre cylindrique (102), le second tiroir cylindrique
2. Compresseur a spirales selon la revendication 1, (104, 106) déconnectant la chambre de com-
dans lequel le dispositif de sélection (60) comprend : 50 pression (30B) du passage d'injection (152)
lorsque la seconde chambre cylindrique (102)
une chambre cylindrique (64) raccordée a la est raccordée a la chambre de décharge (44),
chambre d’aspiration (38), a l'air extérieur, au le second tiroir cylindrique (104, 106) raccordant
passage d’injection (52) etala chambre de com- la chambre de compression (30B) au passage
55

d’injection (152) lorsque la seconde chambre
cylindrique (102) est raccordée a la chambre
d’aspiration (38) ; et

un élément de poussée (69) poussant le premier
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tiroir cylindrique (166) de sorte que la chambre
d’aspiration (38) est raccordée a la seconde
chambre cylindrique (102),

dans lequel la premiere chambre cylindrique

28

(52);

un élément de détection de température (131)
détectant la température du réfrigérant dans la
chambre d’aspiration (38) ; et

(164) est raccordée a la chambre d’aspiration 5 un élément extensible (132) rempli avec un mi-
(38) de sorte que la pression dans la chambre lieu thermiquement expansible qui est expansé
d’aspiration (38) est appliquée a une extrémité ourétrécienfonction de latempérature détectée
du premier tiroir cylindrique (166), parl'élémentde détection de température (131),
la premiere chambre cylindrique (164) est rac- dans lequel I'élément extensible (132) est éten-
cordée a I'air extérieur de sorte que la pression 10 du par I'expansion du milieu thermiquement ex-
del'air extérieur est appliquée al'autre extrémité pansible pour provoquerle déplacement du tiroir
du premier tiroir cylindrique (166), cylindrique (266).
la seconde chambre cylindrique (102) est rac-
cordée a la premiere chambre cylindrique (164)
de sorte que la pression dans la chambre d’as- 15
piration (38) ou dans la chambre de décharge
(44) est appliquée sur une extrémité du second
tiroir cylindrique (104, 106), et
la seconde chambre cylindrique (102) est rac-

20

cordée a la chambre de compression (30B) de
sorte que la pression dans la chambre de com-
pression (30B) est appliquée sur l'autre extré-
mité du second tiroir cylindrique (104, 106).

4. Compresseur a spirales selon la revendication 1, 25
dans lequel le dispositif de sélection (121)
comprend :

une chambre cylindrique (64) raccordée au pas-
sage d’injection (52) et a la chambre de com- 30
pression (30B) ;
un tiroir cylindrique (266) mobile, de maniére
coulissante, dans la chambre cylindrique (64)
avec le changement de température du réfrigée-
rant dans la chambre d’aspiration (38) de sorte 35
que la chambre de compression (30B) est rac-
cordée aoudéconnectée du passage d’injection
(52) ; et
une bande bimétallique (124) raccordée au tiroir
cylindrique (266), dans lequel la déformation de 40
la bande bimétallique (124) avec le changement
de température du réfrigérant dans la chambre
d’aspiration (38) provoque le déplacement du
tiroir cylindrique (266).
45
5. Compresseur a spirales selon la revendication 1,
dans lequel le dispositif de sélection (130)
comprend :

une chambre cylindrique (64) raccordée au pas- 50
sage d’injection (52) et a la chambre de com-
pression (30B) ;

un tiroir cylindrique (266) mobile, de maniére
coulissante, dans la chambre cylindrique (64)
avec le changement de température du réfrige- 55
rant dans la chambre d’aspiration (38) de sorte

que la chambre de compression (30B) est rac-
cordée aoudéconnectée du passage d’injection

15
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